This study was conducted to review the clinical characteristics of parathyroid carcinoma (PC) and to evaluate potential preoperative predictive factors for PC in patients with primary hyperparathyroidism (PHPT). We performed a retrospective review of electronic medical records of 194 patients with pathologically confirmed PHPT in affiliated teaching hospitals of Seoul National University from January 2000 to March 2011. Adenoma was diagnosed in 171 patients, hyperplasia in 12, and carcinoma in 11. Several biochemical measurements were higher in patients with PC than in patients with benign disease, including serum total calcium (P < 0.001), intact parathyroid hormone (P = 0.003), and alkaline phosphatase (ALP) (P < 0.001). Tumors were larger in PC than in benign disease (P < 0.001). Multivariate analysis revealed that serum ALP level (P < 0.001) and tumor size were associated with PC (P = 0.03). Tumor size and serum ALP level were evaluated as preoperative predictive factors for PC using ROC analyses: a tumor size of 3.0 cm (sensitivity 90.9%, specificity 92.1%) and serum ALP level of 285 IU/L (83.3%, 97.0%) had predictive value for the diagnosis of PC in patients with PHPT. In conclusion, elevated serum ALP and a large parathyroid mass at the time of diagnosis can be helpful to predict PC in patients with PHPT.
INTRODUCTION
Primary hyperparathyroidism (PHPT) is a common endocrine disorder that is being diagnosed more frequently due to the increasing use of routine serum total calcium tests as part of medical examinations (1) . The clinical presentation of PHPT is changing from a severe disease with renal stones and metabolic bone disease to mild asymptomatic disease (2) . Parathyroid carcinoma (PC) comprises a very small proportion of PHPT cases. A meta-analysis of 20,225 cases of PHPT in the USA reported that PC occurred only in 0.74% of cases (3) . Nevertheless, PC requires early recognition and complete resection because its prognosis is quite variable (4) (5) (6) . The average time to the first recurrence is approximately 3-yr and intervals of up to 20-yr have been reported (7) .
The current definitive treatment of PC is en-bloc resection, which avoids rupture and spillage of the tumor. Once the tumor has recurred, curative treatment is unlikely and the surgical complication rate is high, although PC patients typically have a prolonged survival (8) . Therefore, it is desirable to distinguish benign disease such as parathyroid adenoma and hyperplasia from PC prior to surgery. Unfortunately, PC is frequently only diagnosed after surgery for hyperparathyroidism because the clinical presentation of PC and benign disease are strikingly similar.
In this retrospective study, we compared the clinical presentation of PC with benign disease and reevaluated the biochemical parameters that have been used to differentiate PC from benign disease at the time of the first operation.
MATERIALS AND METHODS
We performed a retrospective review of electronic medical records in affiliated teaching hospitals of Seoul National University (Seoul National University Hospital, Seoul National Univer- sity Bundang Hospital, and Seoul Metropolitan Government Borame Medical Center). The records were reviewed, over a 10-yr period from January 2000 to March 2011, of patients who had been diagnosed with hyperparathyroidism, parathyroid adenoma, parathyroid hyperplasia, PC, parathyroid tumor, or hypercalcemia. Patients with secondary or tertiary hyperparathyroidism, or other causes of hypercalcemia such as malignancy, vitamin D intoxication, immobilization, medications, hyperthyroidism, and other endocrine diseases, were excluded. Data collected from the records included the clinical features (hypercalcemia-related symptoms at the time of diagnosis, previous history of osteoporosis, fracture, and renal or urinary stone), laboratory data (serum levels of total calcium, phosphorous, intact parathyroid hormone [iPTH] , creatinine, alkaline phosphatase [ALP], and 25-hydroxy vitamin D; 24 hr urinary calcium and phosphorus; and dual energy X-ray absorptiometry [DEXA]), and surgically proven pathology (adenoma, hyperplasia, and carcinoma). Serum iPTH was measured preoperatively by means of immunoradiometric assay (Cis Bio International, Gif-Sur-Yvette, Cedex, France). Follow-up duration, interval change of clinical features, and laboratory data after surgery were also included.
Descriptive statistics are reported as mean ± standard deviation, and confidence intervals were computed as two-tailed using 95% coverage. Categorical variables are reported as frequencies and proportions. Comparisons between continuous variables were performed using repeated measures ANOVA. Comparisons between categorical variables were performed using a chi-squared test. Univariate and multivariate analyses of variables were performed. Statistical analyses were done with SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). P values < 0.05 were accepted as significant.
Ethics statement
The study protocol was approved by the institutional review board (IRB) of Seoul National University Hospital (IRB No. H-1101-070-348). An informed consent was waived by the IRB.
RESULTS

Subjects and clinical characteristics of patients with PHPT according to the etiology
Two hundred and ninety-one patients with a diagnosis of PHPT were eligible for the study, and 194 of these patients with surgically proven parathyroid adenoma, hyperplasia, or carcinoma were included in the analysis. Adenoma was diagnosed in 171 patients, hyperplasia in 12 patients, and carcinoma in 11 patients. PC was diagnosed based on several characteristic pathologic findings (capsular penetration, vascular invasion, perineural space invasion, trabecular growth pattern, and mitotic figures) or definite evidence of metastasis (9, 10) . Five patients revealed capsular penetration. Two patients revealed capsular invasion with extension into soft tissue, trabecular growth pattern, and partly cystic change. Two patients revealed capsular invasion with extension into soft tissue, mitotic figures, and partly cystic or hemorrhagic change. One patient revealed capsular penetration and vascular invasion. And the last one patient revealed vascular invasion with solid and spindle cell change.
The mean age at diagnosis in the adenoma, hyperplasia and carcinoma groups were 60 ± 6 (range, 46-74), 48 ± 13 (35-61), and 54 ± 14 (40-68) yr old, respectively. The mean follow-up duration for each of the three groups was 46.5, 40.4, and 56.3 months, respectively. Female predominance was observed in the adenoma and hyperplasia groups, as is generally observed in patients with PHPT. In contrast, carcinoma predominantly occurred in males (7 males, 4 females). However, there were no significant differences in gender distribution in each of the three different etiological groups (Table 1) .
Patients with PHPT generally presented without any symp- (2) 10 (6) 4 (2) 4 (2) 11 (92) tom or sign regardless of the etiology. Asymptomatic presentation was seen in 135 adenoma patients (79% of the PHPT patients with adenoma), 11 patients with hyperplasia (92%), and 5 patients with carcinoma (46%). In the remaining patients, presenting symptoms and signs at the time of diagnosis included fatigue or generalized weakness, dizziness, tingling sensation in the extremities, gastrointestinal discomfort, neck discomfort, and bone pain. Dizziness was observed in 3 patients with carcinoma (27%), but the number of patients was too small and this was not statistically significant compared to benign disease. There was no difference between the three etiological groups in the occurrence of other symptoms and signs. There was no significant difference in the frequency of a history of osteoporosis, fracture, or renal or urinary stone between the different etiological groups ( Table 2) .
Comparison of biochemical parameters in PHPT patients according to etiology
Measurements were obtained for serum total calcium, iPTH, creatinine, phosphorus, ALP, 25-hydroxy vitamin D, and 24 hr urine calcium and phosphorus. In the patients with PC, serum levels of total calcium, iPTH, creatinine, phosphorus and ALP were significantly higher than in patients with adenoma and hyperplasia. There were no significant differences between the three etiological groups in serum 25-hydroxy vitamin D, 24 hr urine calcium and phosphorous, and bone mineral density (BMD) measured by DEXA (Table 3) .
Univariate analysis was performed to compare carcinoma and benign disease (adenoma and hyperplasia). Serum total calcium, iPTH, creatinine, phosphorous, and ALP were included in the analysis. All biochemical parameters in the univariate analysis were significantly higher in carcinoma than in benign disease (Table 3) .
Multivariate analysis was done by logistic regression analysis. The same biochemical parameters were included in the analysis as independent variables comparing carcinoma and benign disease. When all variables were adjusted, only serum ALP level was significantly higher in carcinoma than in benign disease (P < 0.001) ( Table 3) .
Tumor size
The mean tumor (or hyperplasic gland) size was 3.8 ± 1.6 cm for carcinoma and 1.7 ± 0.8 cm for benign disease. The carcinomas were significantly larger in univariate (P < 0.001) and multivariate analysis (P = 0.03). The locations of the carcinomas were intrathyroid (5 patients), right lower (2 patients), ectopic (2 patients), right upper (1 patient), and left upper (1 patient). The number of carcinomas in the parathyroid gland was only one for all patients. The location and number of involved parathyroid glands was not statistically significant between carcinoma and benign diseases.
Receiver operating characteristic (ROC) curve analysis of serum ALP level and tumor size for prediction of PC
To evaluate the diagnostic values of serum ALP level and tumor size for PC, ROC were calculated for each parameters. ROC curve compared true positive rate, or sensitivity with false positive rate, or 1-specificity. Cut-off value was determined at the highest points of sensitivity and specificity. Confidential interval was 95%. When the cut-off value of tumor size was 3.0 cm, sensitivity and specificity for prediction of carcinoma were 90.9% and 92.1%, respectively. Serum ALP level was 540.5 (232.3-1,156.8) (median, [in- terquartile range]) IU/L in carcinoma and 96.0 (73.0-133.8) IU/ L in benign disease (P < 0.001). When the cut-off value of serum ALP was 285 IU/L, sensitivity and specificity for prediction of carcinoma were 83.3% and 97.0%, respectively (Fig. 1) .
Correlation of tumor size with biochemical parameters in patients with PHPT
The tumor size was correlated with serum ALP and iPTH levels in patients with parathyroid adenoma (P = 0.009, and P < 0.001). However, correlation between tumor size and biochemical parameters was not significant in PC patients (Table 4) .
DISCUSSION
In this retrospective study of 194 patients with pathologically confirmed PHPT, the tumor size and serum ALP level were predictors of PC before the first operation. PC is an extremely rare tumor. In this study, only 11 patients were diagnosed with PC in Seoul National University's three affiliated teaching hospitals during a 10-yr period. The proportion of PC in patients with PHPT was relatively high in our study, 5.7% considering that previous studies reported that PC accounts for only 0.5%-5% of all patients with PHPT (3, 5, 11) . This discrepancy could result from referral bias since the hospitals involved in the present study are refer- ral centers. There were no significant differences between PC and the benign disease in terms of clinical symptoms, bone loss or fracture, or nephrolithiasis. PC affects the classical target organs, such as bone and kidney, more severely than benign PHPT, since patients with PC commonly have profound hypercalcemia (8, (12) (13) (14) . Although most PHPT patients in contemporary clinical practice are asymptomatic, some patients with benign PHPT present with more severe manifestations (2, 15, 16) . In such patients, it may be extremely difficult to differentiate the clinical manifestations of malignancy from those of benign diseases. As the number of benign, symptomatic PHPT patients is progressively decreasing, the sample size of 194 patients in the present study would be unlikely to find a statistical difference between the clinical manifestations of malignant and benign PHPT.
Serum ALP level was higher in patients with PC than in those with benign disease (17) , and our results suggest that a patient with serum ALP level less than 300 IU/L is unlikely to have carcinoma. Elevated serum ALP level in patients with PHPT may reflect the longstanding effect of PTH on the bone. This result is supported by the previous study that serum levels of PTH and ALP are useful for the prediction of PC (18) . In this study, serum iPTH levels in patients with benign PHPT showed relatively wide distribution compared to serum ALP levels. This result suggests that serum ALP rather than serum iPTH could be predictive factors of PC. Persistent excess of PTH in the circulation causes an increase in the RANKL/OPG ratio, which is the main mechanism by which PTH stimulates osteoclastogenesis and bone resorption (19, 20) . Histomorphometric studies have shown that PHPT commonly causes preferential cortical bone loss with preservation of cancellous bone (21, 22) . Therefore, serum ALP might reflect the effects of PTH on the bone earlier than skeletal phenotypes such as bone mineral density or fractures.
The size of a parathyroid tumor may be an important factor in predicting PC in a patient with PHPT. In this study, 10 of 11 patients with PC had a parathyroid mass larger than 3.0 cm, and ROC analysis showed that the sensitivity and specificity for PC was 90.9% and 92.1%, respectively. This result is in agreement with previous findings that PC are usually larger than 3 cm and may be palpable (23) . Interestingly, the median tumor size at the time of diagnosis in 286 cases of PC treated in the USA from 1985 to 1995 was approximately 3.3 cm (8) . A palpable mass in the neck has been suggested as a strong predictive factor for PC (7, 11, 24) , and particular attention should be paid to a hyperparathyroid patient with a parathyroid mass larger than 3.0 cm.
We also examined PTH as a potential factor to distinguish PC from benign causes of PHPT. In multivariate analysis, patients with PC did not show a statistically significant difference in serum levels of iPTH compared to those with benign PHPT. The relationship between preoperative serum PTH levels and the size of a parathyroid adenoma or carcinoma is controversial (25, 26) . In the present study, serum iPTH levels were correlated with tumor size in patients with parathyroid adenoma but not in patients with PC. This difference may be resulted from the small number of patients with carcinoma. A recent report suggested that an N-terminal PTH distinct from iPTH can be recognized in a 3rd generation assay of whole PTH and that this form is overproduced in some patients with PC (27) . Oncogenes and tumor suppressor genes involved in the control of the cell cycle have been linked to the pathogenesis of PC, including retinoblastoma (Rb), p53, breast carcinoma susceptibility (BRCA2), and cyclin D l/parathyroid adenomatosis gene 1 (CCND1/PRAD1) genes (28, 29) . The excessive expression of CCND1 by the highly active PTH gene promoter in the parathyroid cell may contribute to excess cellular proliferation and development of PC. This result indicates that PC is frequently functional. Although CCND1 is overexpressed in more than 90% of cases of PC, its role in pathogenesis remains to be determined (30) .
In conclusion, the results of this study suggest that the size of tumor and serum level of ALP may be helpful to predict PC in patients with PHPT before the primary operation.
